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SECTION 1

Intt~oduction

In m 0s t of- the ~r oblems treated' nth or 0g0ing

%observable. vari~ables havei rciebe assumed to have

a normal distribution. But when one. observes ,the number of'

accidents per peison occurring -in a. 'reasonable- periobd to a

saninle ci',, persons,p the distribution ts'not even approximately

normal.. .Furthermore if .one considers attached to eachl1per-

son a number ~representing his average accident r~ate--that'

is, the aver.cage rumber ,of accidents per' year, say, over his-

I.adiait lifeptirme--~tae~n thj.e .distributioni of th-ese rates in a

certain ponulatiori .kl etil o be -normal, because of'

its nor-negative' cXW~racter;- and in, -oiacticc this,, dis tribu-.

tion ainpoars to bellijgenera1lly too 8;,ew: for, -norhmial approximna-

tion. .Hbwever, it -Is obvious, that 'these rates can never

thems elveIo be, observed, s o that our inforimation as t o t~he ir

distributi~oi i) iup t be inferr~ed. For these reasons the study

of adcide&qts nftrovides an excellent exampole. of non-rormal

dis~criminatory:, analysis.

*Report 5 Number One, "Survey of Discriminatory Analysis'", by Dr4 J.
Hodges; and Report N4urniber TwNo, "Factor Analysis and Discri-,iination",
by Dr. E. Fix,



But what is the discriminatory nroblem? First it must

be established that different people under similar condi-

tions have different accident rates, and hence that the prob-

lem exists of discriminating the high-rate oersons from the
low-rate. To solve the, problem efficiently it is necessary

to analyze the nature of the distribution of the rate and.

of associated variables. An Implicit assumption has been

made that such rate is constant over the'years for a given

person under a certain set of exroiure conditions. ,The nres-

ent nart describes the attempts that have been irade'tio solve

J, ..: these -rroblems and to set un discriminant procedure-s, ,,arnd"

indicates various poQints, both theoretical and experimental,.

which appear fruitful for further research.

-- LI
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SECTION 2

Existence of Individual Differences

in Frequency of Accidents

The first efforts at reduction, of accidents consisted ----------

o- safety measures affecting alike all workers in a., deDart.-

ment ,.or all eltlns'of a town, or all who .passed a:certain

intersection. But it was early noted--industrially first.

since individual records were there av•1lable--that differ-

ent departments r` types of.p.rk had average rate:s consist-

ent with themielves but consistently differezit from those p

other departmeflts. This.was to be expected, due to diffef4 .

ent conditions of exposure to risk. Yet even.within a de-

partment, whereo all. workers did the same thing for the same

"numberof. hours per week, it was noticed that "!the -b4k of

.the accidents occurred to a limited number Lof individuals."

"it is'anpropriate to note at thispoint that the quoted.,

...satement although it. led the original workers into inves-

tigations which eventually substantiated by other means the

existence of individual differences, is not itself such a

substantiation. As Mintz and Blum (1949) adequatiely demon-

strate, eveh. if all Dersons have the, same Droneness, a

large Proportion of the accidents will occur to a small num-

ber of the individuals.
" " • "



All investigators to date have started with the assump-

tion that the chance of occurrence of an accident does not

depend on the severity of the accident. That is, if a per-

son has a high rate of scratches he will have a higher rrob-

*ability of having a serious accident than the person who has

*a low rate of-scratches. On the basis;. ' of this assumntion

one is enabled to forecast or avoid disastroius co~nsequences

on the basis of naa el alssohs-ervatlonns. ITn th e

event the assumption is wrong--4nd one might well argue that

some p~ers6ns are more careful in the face of -1nown extreme

-.dar~ger thLan-- others--the studies still are' vralid for. T~inor to

modleratal.iýnjuries and usefufl. as-they stand. The tCractical

reason for choosing- to study minor over 'major accident's is

* obviouais; thi~ ~sLtaistical r~eason is that individual differ-

ences do not show-.ip) v'1.e 11 when the average ±'at''i~s low. I f

-the aver ageerate- -eve-. if it be' minor ac~cidents- -i's on the

ore fOý,sy hen tho-re is litfle room.. for variabilityJ

7'in individual rates when wqe r.emerbIs that the nd rqb~r of accl-

dents is 0, 1, 2,-- 'and the length of observatibn I s .neces-'

sarily-Pestricted.. Thus it i'erIl.n angstudies

to find a department in which the accident rate is high and

to iuse a unit -neriod as long as possibie subject to t`ie othe,7,-

*requirements ofL the analysis. '.4ith an average dapaftmre~tal

accident rate of 4.0, say, there is much more room for ind~i-

vidual var'ýations in rate to appear if they exist, even in

one observational period.

There have been attempts to eStablish st-atistic'ally



the connection between maJor and minor accidents. One prac--

tical difficulty is that the figures for minor accidents

represent only those which are renorted whereas major acci-

dents are faithfully recorded. In gathering data one must

try to reduce the unreported accidents by some device, pres-

sure, or incentive; and in interpreting data one must realize

that it is really a tendency to have and to report accidents

which is being measured. With these facts well! in mind,

Farmer and Chambers (1926)- analysed six different -trades in

a group of 14,524 dockyard workers for one year with the re-

sults shown in Table 1. kAmajor accident was defined as an

accifent involving one day or more lost",time, (and .the corre-

lation coefficient found .between thep number of maj:or acci-

dents and the number of minor adcidents. Using anapproxi-

mate formula for the probable error of the correlation co-

efficient when the

Table 1

Numberi in Trade Major ,accidents 'inor Accidents Correlation -- s-
group Average ,rate Average rate Coefficient'

"6,0t50 Laborprs .'53 '.1434 .. .
59,07 Shiprights .029 ".535 .17
429 Boys .051 , .25
-25 'Riveters :078 .•22 .25'
1 1 Caulkers .127 2.226 .31
639 Boilermakers .052 .512 .36

2,634 Fitters .029 .446-, .06
539 Drillcrs .056 i876 '.04
"196 Smiths .07.1 .806 -. 02

54 Weldrs .074 1.018 -. ,bO

observations are normally distributed, Farmer and Chambers!

concluded that the first seven correlation coefficients,

being greater than 2-1/2' times their estimated probable er-



rorsj were significoantly different from T.ero and hence indi-

cated a positive correlation between major and ininor acci-

dent rates. However these two variables are far from being

normally distributed; in fact they take on only small inte-

gral non-negative values with a large nuwber of zeroes. The

regression may be far from linear, so that the correlation

coefficient does not give .a good descripticn of the .rela-

tionshir; even if the regression is linear, the.. signi~fAcncA' ,

of the correlation coefficient depends- on the relative'. s1zes

"of the two average rates. For a discussion of the low values

of r to be'.! exoected here due s'61ely to the fact that we ob-

serve nuth ers. of accidents rathier than individual rates, see

the early part of section 4. But one qualitative fact is ob-

vious.• the .samole correlation coefficients lean heavily to

the positive sideoff zero.

Having noted the cautions to be observed, `6.nsider now

the auestion: 'do-the accident rtes of different.-rsons

unde., similar conditions differ significantly' A - rticular

...person is exooed to the risk of an accdeot .for maIy :.

stants of time with a small irobabiJ.ity that the accide

will occur- at any -artidular instant. if that nrobability , - .

is constfgnt then the number of accidents occurring in a r.ar-

tiaulariA.eriod will follow the Poisson law:

(1) • P{X=k} =

- k!

where P{X=k) denotes the probability that the number o~f



accidents in a neriod will be k, and A denotes the mean

number of accidents per period for that particular oerson;

i.e., A is that number attached to each nerson which has

been defined as his accident rate under the given conditions

and is to be distinguished from the actual number k of

acqidents befalling hi'm in a period. Unfortunately it is

vict possible accurately to measure the A's of two neople

and he-,ce to prove conciusive.y that they aredndiffi nt.

It is thcicretically possible t6 observe the actual accide ts

occurrint; in p periods, to estima•.-Jthe two AVs, ,6nd b";

Porr.•a]. arox~rr atien 'to 0:est for a'"ignificat•. difference.

but this reouirres a suffici6,ýnt,"n~piberT'of I~eriods--ma lifetime,:
//

j Justify the normal a~pxoxim~ation to the meail of

tli. p1tisson. (It is iniplicitly assumed here that the rate

do• not change as time goes on. For a discu..ssion of,, t!;is

a .u,.ti•cn s•e setibn 4.) 'Instead one may observe ,many

peoule under similar conditi•cs of ex-osuire over as long a

titre as •s pracLicAbl~e. obtain'ng a diZttibution of the num-

ber of accidents occurringj i.e.. the proportion of persons

with 0 accidet'i4,,,-ith 1 accident, with 2 accidents, etc..

If all the. .oýbersons in sucb a grdim have the same rate

N, then the obse-rvations form a samplefrcm a Pcisson dis-

tributicn. It is :Z.Vhus .ossille to test the hynothesis that

all peptre under si?,ilar.,c6oh!ditions of exoosure have the same

rate .A by testing t ý- e statistical hypothesis that the ob-

servations come fro, J. 'rAsson distribution., Greenwood and

Woods (1919) did this :for 14 groi'Os cf v:omeh, from 50 to 750

7



in size, each in a particular type of work in munitions pro-

duction. The best estimate of. the fitted A was of course

the average observed rate; the fits were all so poor that

not even a )(2 test was considered necessary in order to

reject the hypothesis that the observed numbers of accidents

were from a Poisson distribution--and hence to reject the

hypothesis that all persons in each group had the.same rate.

Newbold (1926) analysed 39 groups, from 22 to 440 in size,

in various Induptrial operations.by superimposing, on the

observed frequentcy curves, fitted curves based on the aNrer-

age rate and fitted. curves based ohi the number of per'sons

"having zizro accidents. In both cases it, was "very clear

from these graphs that...giroupso" are not .homogeneous as. re-

gards accident risk."

..For more precise nfhdication of the, lack of homogeneity,

-Newboid suggested the use of two.,crit eria:-the coefficient

o Y variatio, and the relation of them average rate to,. the.

number of persons having zero accidents. T1he- coefficient

,,,of var-atIon, being the standard deviation divided by the

mean, 1s X1-7 for a Poifsson distribution; thus the ob-

served coefficient of variation may be compared .ith the

reciprocal root of the. avetage accident rate, any divergence

of the two indicating departure from Poisson. Lacking know-

ledge of the sampling-distribution of the coefficient of

variation, one has no reasonable significance criterion for

saying when an observed coefficient of variation is too far

away from the. theoretical one. The same objection holds for



thie ot'ier criterion sug~ested.a !kewbold presents a table of

y = og~xso that entering the table with the observed p~ro-

portion x who had zero accidents one may read off the aver-

age acciden.t rate y to be expected from a Poisson distri-

bution.- Ag-,ain the observed average rate and the theoretical

rate diverge--blit if one lays clown arule as to when the di-

vegence. is sufficiLently great to deny equal tende_2ie to

accident, how often is the decision wron~g in repeated appli-

catii:ns of the rule?~ 1,re so-ýe zk:nc l!edge is neede'd regarding'

-the joint :istribinticn of zero frequency and mean in sarrllngý.

from a Poisson distlrhibutlw: aL leý',

However the data r.r ese rit ad by rarrmer and Chambers (1939)

and b:7 'T1ewbold (2),when fitted with a Poi ss on di-str~ibu-
ticn.give vales c 21
ti s vlue c X corresponding to probabilities of

less than .0001. This estab?.ishes -statistically.'the' exis-.

t1ence ocf C_ n )d ~ual1 di:Lfere-n elin. Ac~dP t'rstes under timi.-

l1ar.6on itions of exposi~re aI d;ýiv ir o n e nt arnd hence of a

qualityt called accident -roneness.: The neit problem is to

identify as carlly as p6ssil th cietpoe; i..e.,. those

with accident rates high in comnparison with-their follow

workrnon. It is obvicusly futile to base such a. classifica- ~

ti -n oný many y,.ars of 0-seýrvat-i~bn if it is at all posýAble

to, make the- classjificcýtic-n sooner and thus reduce ac-cideints.

Tt is~also'futile, for statistical reasons, to attem~pt to

r~ake the classification on the basis of the number of"'ci

dents occurring tu -that pr~rsc'n in a v.-riy short time since

the ran~dom or sarnnling-variat ics wculd "s h culrts



For example, consider an ovezsimulified situation in which

there are 100 "good" persons with A= 0.5 accidents per year

and 100 "poor" persons with A = 1.5 accidents per year al-

doing the same type of work. An attempt is made to eliminate,

on the basis of the number of accidents incurred in one year,

as many "poor" persons as possible. Tentatively consider the

elimination of all who incur one or',more accidents; by this

rule we may expect to eliminate about 78 of the 100 "poor"

.ones. But at the same time 39 of the "'good" persons would

be .eliminated.. If *the elimination were to take place at the

.end of two years instead"of one year, those being dropped

who incur two or more accidents in the twO years,. then 80 of.

the 100 "poor" could be eliminated at the expense of- losing

only 26 of the 100 "g-ood. The improvement-is not specta-

cular but indicates the~danger in using a short time of oh-

.servation. If the number of "poor" were originally• smaller,

say 40i, ..the results would be even less satisfactory since

32 "pooxr" and 26 "good" would be eliminated -in one year.

The numbers computed here represent the pr'obabilities of

eliminating a person as a-function of his accident -rate Ž, ; -

they constitute the performan'ce chaZýaoteristic of the elimina-

tion rule, by which it is Judged in comparison to other rules.

To compute this perfori-iance characteristic--and hence to make

the comparative judgment--it is necessary to know something,

of the distribution of the, A's among the peole being ob-

served, or at least among the population from which the

people being observed are drawn. Therefore section . will,.

II
I



contain an investigation of the A distribution.

An alternative a.-proach to the identificat-1ion of the

accident -rone is to discover some other measurements which

may be made on a person, such as psychological or physio-

logical tests, which alone or in combination would be suff-

ficiently accurate oredictors of the person's accident rate.

The scores on such tests might well -be normally distributed

but the decisive varY.able is not. This approach, treated in
- I

section five, also reo'_.ires knowledge of the distribution of.

accident .,pr oneness.
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SLCTION 3

Distribution gf AcPcident -ýroneness -

The first attempt to explain the individual differences

was made by. Greenwood and Woods (1919) as f6llows: in a -ar-

-icuiax environment the original.'accident rate'is-the same.

;.for all persons, say 0  ,. Ovote that "accident rate" still

refers to the.longrange mean number A of accidents oer..

neriod.) A. soon:as a Person experiences an accident then .

his rate becomes ' A" .regars-... nf who the .ne.rmn is A.

soon as a n'erson,!has had two accidents his rate becomes A2

--and so one. a.&,e cout of fourteen .grours, fltted with. the

so-called "biassed distribution" in which A0  A 1 = A2  ,

resultedcin a ?C2 corresnonding to a probability higher than

.,10--that is, ,,:ere not significantly differe~nt in distribution

at the, 10percent level. IHow.ever, Greenwood and Woods pre-

"ferred another exrlanat.icn (see below) which sometin'es had a

sndller valo.e of _X2 (better fit) and had twelve out of the

foutteen grouts fit accertably at the 10. percent level.

There was another reason given for the rejection of the, =

bias exrlanation. For each of four grouos of from 21 to )6

.women the samle cori'elation coefficient was obtained be-

t..ween the number of accidents occurring in one period of

three months and the num'ber of accidents occurring to the

13



same person in a subsequent pe.-iod of three months. The

correlat-Lon coefficitent was then computed for.% each of the

four subgroups formed of' women who had at least one acci-

dent in the first period. The investigators argued as fol-

lows: The persons rer-'oved had the same rate to start the

second period as the first so th~ei~r number of accidents in

the two Periods tends to be uncorr~1'ate~d. Then their re--

mo6vaj. would uidilute the original results so as to ,give

.n-i-~r. correlation coefficients for the subgroups How -

ever the. latter comp-ute to be loer teof'r~teba

as sumputi on is wronig. The .reasoning is hardly precise. and

the. data show,.little decrease in 'the correlationl,,coefficient

as a re u~lt of the removal ofL persons with no accidents in

the'-first poeriodl the gr ou-p s are smzall, the obserV~ati-cms

decidedly non-ncrmal, the -orobable e rror s annarently hAve.

been e stiritLted assuming nornali4ty; all 11iI all the evidence

'-presented against the "biassed distri butic.ýnl is not" con- '

vincing.

And yet the latter is the simmlest f o rm of a very log-

icl ~' tre*Greenwood ar'd Yule (1920) gave the formulas

forý fitting a distribution ,!dtb as many as five diff~erent'

Values of' A I'nstead of jusjt two. However the fitting is.

fairly laboriou3 and the accuracy of th6 estimates of' the

1\1s is unknown. Gr'eenwcod and Yule tried to find-a sim-'le

flexible funct'iQnal relation betwee:n Akand k but re-

pnorted no success. Irwin, in a discussio'n of a o~aper by

Chambers aid. Yuie (1941), shows th.--t if' + 0 ' ck with

14



c > 0 then the distribution of accidents wiJ.1 be a nega-

tive binomial, which will be seen in what follows to fit

the observed data quite well. Thus ý.;e are led to consider

this exolanaticn as yet not sufficiently contradicted. How-

ever Irwin points out that the necessary restriction c > 0

implies an increase in the average rate in time whereas the

data show if anything a decrease in the average rate (see

"comments in scction four). It still remains an open ques-

tion whether -or not there exists a, simple functional rela-

.ti- on between Ak and k that wouild be comparatively simole

to fit, would fit the data acceptably by •2 test,..and

would perhars infer a redurtlon of averagP rate with ex-

perience. - ,,,

The _other principal theory of accident proneness is the

.ne which assumes each person to -maintain a constant A un-

der gi-v n env r6nmental conditions with some distribution of

this ,A ý th6 poruiation. The first di;stri2uticn to be

tried was the normal--obviously a negative A is meaningless'

but the actual A distribution may be essentially normal

nevertheless if the variance is sufficiently small with res-

pect to. the mean. Greenwood'andYule (1920) found the equa-
tions for the first few frequencies of the accident distri-.

distri..*

bution, using a normal. A distribution. These equations .

indicate that in order to avoid fitted accident freqiuencies

less than zero or greater than unity the average accident

rate-must exceed -one-half the variance !of the accident dis-

tribution. But that condition is not satisfied by nost ob=

* 5



servations. :Hence the normal dcist ribution is of no ue here

even as an ap-roximaticn.

The next likely distribution--one having a range from

zero to infinity with both flexibility and a minimum of para-

meters for ease in fitting--was the Pearson type III curve or

Gamma distribution.

.ba -bA a-i i
(2) f e 0= < <

where_ -. fA .dnotes the- fr: uenc- ,, f.nction'r probab`iity de•-p

sitya function and- a,;•and V: , a-roý &rbltrary positive nsts;'ts.

.Greenwood and Wood.s, ound this distribution to have another

advantage.: it resultts,. in a r!gative binomial diqtributi'on of
. .. .. . I, iT'. #

acnidents, whence the mbments are easily calculated;. -If X

stands for the number of accidents incurre~d by a.person in a

n~eriod then

el) ~ (a+k)

o d1 t h e -":• .- . ..- . ,,, I...

• : rce,.a) k; (b+l)k ....

(-) m=(X) =B a/b

.")" - .[(X-ab).2.- a(b+l) 1 + ..

where a > 0 and b > 0 are co.nstanzts to be de.termine.4 from

the observed distribution of accidents. By substituting the

observed mean and stsndard error in these two equaticns, me-

ment estimates of a and b may be obtained from wi'ich an

expected distribution may 'be calculated and tested against

the observed by calculation of This has been done by

16



Greenwlood and W-1oods (19191) for their 14 groups of women

miluniticn work-ers w-ith only two observed distributions sig-

nificantly different fromp the exrected;--and ti-ose two, it

is Pointed out, are the large groups unsegorega~ted by depart-

ments so that the "guarantee of equal exposure to risk is

much slighter t-_;an in other cases."1 Newbold (1926) foun~d

out of eight groups that two were sig~nificaitlý different

a~t the 5Percent level --,nd a-.,3ther two silgnificantly dif-

- -fernt at te10: -ecent level. Evnthis wa~~ivd
1A4 ._ei s a h e e "

through judi~clcs gr'ouping. iPowevexr the fit was m'uch b~tte~r

-than f-or -any. other .onsidered hypothesis.

In 1927 .Tewbold -reported another approach to the dis-

ttibuticn oroblem which-emnhhsized t':-e usefulness of the ne-

gative .bin~omial distributiron in this connection. Starting

withow. any assurmtntion as. to t' e --or.Lm of the -,A distr~ibu-

tion, sh-eivdsbetween the lower

order r--onaents of thd 'A-distribution and the lwroder

m.one n ts of the observed X"-di str ibuti on of, accidents:

(7). E (A) k;X W - say.

(8) 2 2 -

(9) 1 )U ýC_ 2m

2- 2

(010) P4 4 , x 6 6 K - o'm + 11Cr +3M- 6 m

717.



is the correlaticn coefficient between the accident

rate of a ners(-n and the number of accidents . i:ncur-

red by that -nrs•,n in rne r'er-'.c.d. Using tie observed mo-

ments of the :.1 distribution cn the right-hand side of

equations (7)-(i0) to estimate thie .-orents of the under-

lying A distributicn, Kiss !.-nwbold ama.yzed seven zrcuos

as to the best-fitting Pearrson curve. Four weje found to

be of tyre IJ,. two of type VI J and one was impossible

"(2-_• M). .ince type. III is the borderline case between

IJ and. VI J it here obta'ns further supoort as being a use-

. ful .odel in this-situation.

In a small study of 59 trolley car mJtor'men in 1948

... .ron and Ghiselli renort nine d.istributicns of w2dicn, al-

thc.i,ugh they did not note thd, ,-act, th-ree have a-variance

smaller x.han ,the -mean, " bereby putting them in the "i'r.oos- - '

sib:1" area. The diffi.Aplty aooears to be in the" quite

msmall average/ .rate couroled with the. s.,all, size samrile al-

thcug-one o h . sSie gou'-s,,,as ai-haverape -- a~te;' c-

1.14-. I

The most recent siiggestion regarding' the distribution

of is by l.intz and Bldim (1949) to the effect that it ..ay

consist of a continuous Lortic.n such as Fýarson type I...

upon whi.ch is superimDosed a small group of particularly -
"prone individu4is with A= uA, a conmaratively high vulu.

Two of Newbold's distributions were thus fitted but no firm

conclusicns were'draw-.

18 '
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SEJCTION 4

Stability-of Distributioni of Accident Proneness

There are two types of stability to be Investigated.

One is the stability in tim-e which has already been men-

.ticned; i.e., do~s. the, person. who has a high a~cciden't rat

ih One se't of' Pe r io dp` still have a high rate in a later set

of -oericds?ý Note that ".rate" still is ddfinod to mean the

-underlying' narameter AnreSumed constant for a..-erson in

given environment during a' period at'least. Stability ia.n

time would 4JJI~fly tlat X~ Yeinains 8Qnsotant as lonrg as t~he,.en-

v Iro0-nime n sconstant. The ot h r type of stability is sta- .
biilin kcind; i.e., does the person who iiis a high ac4

rate for one z_`nd of acci~dent also have a hi Sh rate for an--

ot.e kn fAcdnt? Here we,,(annot exrect the two A1 s

to be' the sam.,e since the'avera'e- rat'e of. an entire group or

, ~opul:At-.ton will -i~n general -be different for differ~nt kind-s
Ai

~~'of accidents; some kiLnds will occur for everyone -more often

*than cther k _Lnds. Creased fnesayapear. more frequently

in taxicab -operatio~ns than flat tires. 3-ut stability in

-- - knd w o,:ld imply that ~f r.Sahmhsa higher A for

creased fenders than does Lr. Goezy then, 1'r. Sinashum will

also have a higher for flat tires t(.hat 'r.oe Izy.

,19



Consider first the verificatien of stability in time.

The first technique, by Greenwood and Wo, cds in 191.9, was to

correlate the number of accidents X1 and X2 occurring to

each person in successive neriods. These first coirrutattions

were admittedly made on va-ry szrall gro-ps; the resulting

four dorrelatic.n coefficients ran from .37 to .72 ivith rrob-

able errors estimated at about .10. Newbold (1926) obtained

a range of .20 to .57 in nine out of eleven groups with .01 .

and +.05 in the other two groups. Calculated probable errors

A ran less than .10 but, as nreviously noted, the variables

,here being correlated are far from normal s.o that the sam-

pling variation of the correlation coerficient may. well be

quite different. The consistently positive results offer

qualftative, support to the stability; howevcr, one could

"v ish f'or' 'more 'Precise knowledge of the. significance of these-

f iglire s.

In 1927 'MiiSs Newbold presefited, .along with tuhe.- nomentf`

a computations disolayed above, a. _orn-ua for the correlation

coefficient to be exnected between the number of accidents

X1 in one beriod and the number of accidents' in °nother

period, as~suming that each pe.rson will retain hii A, through.

both periods, but not assuming anythihg about the distribution ,

of the A's among the peonl1e:

,.,,E(X ( - ,2-

) -, ( (X2) 2

(12Y

where as before m = E(X) = E(A). This may be estimated by

20.



inserting the mean and standard error of the observad acci-

x

where

(14) sx A~X) and Z

the 'summations being taken ove~r the satrnle. If bonh periods

are con~bined f or' this'. estimaticn, n. will be twice the num-

ber N of Deorle observed, Butu noith~ng is Thc-non of the

distributicn of -this statistic (J-ý) or of the sample corre-

la t i pn coof f ic,ý'ent

It-d~s not even kn o~Y t ha t bithr has' the exye6tat on

or that they have the same" expectation. The important "

noint is that the assumt.nn of. stability in time does not'

imnly a corre-Tation of unity be~tween obýserved accideints in.

sluccese p~'o~ ~th the two excertlons psiepiioý :irevicusly dis-

covered, rine out of eý;Leven of J,ýewbol~dls samt-le corri 6lations,

fell reasonably close to the corresponding values of re

Farmer' and Chambers (1939) in a s tudy of motor drivers f-ou-nd

conslistently positive val~ues ofrthat again-were very.

closi to the co,,resnonding valuep re although they di,6___ -I
calculate the latter. It would be comrforting to know Sore-,:

thing of the sampling variations in these statisti;cs and

21__
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hence the significance level c~f tlhese reýsults; or nerha-"s a

different a-novoach to the veri'ficaticn oOf tim~e sta-bility

would be more convincing. P

A different approach vas tried by Farmer and Chambers

in 19.9. Considering the nuombcr of accidents incurred in

the first reriod to be ý,ndicative of the relative size of

A they conl-ruted the avex age, accident rate in the second

period for tne subgroun who had no accidonts .Jin the first

(rý2riocdl the averae rate foi the subgron-r who had'one a cc,-

(Ientt i n- the first .xeidthe !average'rate f or the subgroup

h avirig tw~o accid&,nts, in the fir.st rericdp etc., A. grarphic

presentation of t, ei r results is given Vherewithr in.Figur~e 1,

* based en five one -year repords of 166 bus drivers. These. *
regressicns sho-.. a gentle 'urvard trend-accentuaated,,,by the

~rag~nified Verticai'scale. !3ut is the ,slope s~ign~ific&~ntly

different -'r omzero? Or s t ig cantly di~ff~'rent froml

what is to' be -expectd. cnideigta the nirubez', of f-i rst-

year accidents is at best a rough indication of A? These

.n.ue sti ons have-not yet beenm axrswered, although thdy do ro t

appear imoossible of srluttj'ion,:, '2 i ~jpt.bears directlyv
on theý prob rn:. of 'discr~im'ixation-:,if the ',q -Pe not Irery i

.'ýteen then elimin~tion of those wJt h a large nvm'ber of acc4

dents--,ýin'.a trial rpriod would not give efficient results.

"Farrer and Chambers viere content to aroplv a tý.test to the

aveagerat~iof 0 ~u s -or- over grou-o for 'each sub-

sequent year. This :-howed a significan~t diffe~rence but is

at best a very rough check o)fL stability in ti.-re. '
ý3I



Otability in tire, in the sense th;tA rem.ains con-

stant for a given noerson and a given envii'onmýnxet, l

that the average rate of a groun will remain ccý-stant (with-

in sampling variation) in successive Deriods of' observ-1ticin.

Chambers (1941) stated that it was "quite clear from!,- an in-

spection" of the average rates in fiire SuLcce-ssive years cf

oli~servaticns on 166 bus-drivers that the averat,e' rýWi' di'in-

ishes with' time.

Year' 1 2 4 3

s '7Y 1.4 15,5 1.3 1.x
Y et we doc noti, know the saLmrling distZ'ibuticri of' x

and if'~ we use th~norma 1apnroximatý,on :toward which it terIds$

Wit4 large s ize s am'-le s where c_ is on t~le order of' 1 1,1.I

there is no significant cortradiction ýto a~n O's s u 7..rt i r of-

,five 'independent sam-les from tbýý sar'e X-distrihutibr., 'anid

hence of' a A -'histributicni constant in ,\timae. This, is rarti-

cularly true if the first year. is, omi tted under the assu11rm-

tion that the Vdrp-ivers wero rot trainled until the baginr~ing

of' the second year, The other data ci~ted by Chambers, on

101,shinwrights, 'does howev~r show a s ign--ifcant downwar d

trend Lh the 'average rate, even wlth, tiie ordssic.-n of the f irslt

year. Curiseqýen~ly more data needs toQ be coriniled and a 'or e

powe-rful pe ýhod of analysis,(such as the Iml-saoe i

tributidnofi ,nerhat s) are- botli neetded to establish or

disprove a decrease in average rate '.n successive rcrio~is of

4 ~observing a given grourn.

ý24



Even if such a trend is established, however, it does

not contradict the time-stability of' accident nroneness.

The A' s of each nerson may change in timre, but if they

change in such a way as to miaintai~n their relative order onn

the A scale-'-that is, if Mr. A ha4; a higher Athan Yr. B

in all ireriods--then there -is.still1 a stability of accident.

rroneessthe rid~idual d-ifferences. Elowever, lbh o-drt

have e'fficient discrir-ination it will be ne-cessary first to

c~stahi ish the nature. of t~iis stabi]4-,ty--how do the individual

A's-change in-tim,6; do tlley maintai~n constant ratios; wohat

is the rel4,"ticns~qip bepween the distribution of adci~tents in

.two succep"s~ve, periods?

..n/4Y926 F~rm-er and Cham~bers intro'thced a device desi~ned

to, sernarate the indiVidual effect ft~om..the grouIý effpe ct aid.

Ihhnce' to nerrit' studies of accident proneness even i4h~en the

groaT)2 average rates differed. This device, was the "per~cent-

age acc~ident x~at~, ",.~the_ observed numbe-r of a~ciclents for a i

pro nagiven ineriod divided by the average eat of the

groun for .that, period and lex-,ressod as 4 oerib'entaf~e._ No

a _-otwas made to establish the s.tability of'A~his ireasur~uY;_

neither is anything i..-nown of the sa~mining distjri~ut~ion o f t I-

]"AE, of the taan of sev.pral RU I's, orlof the correlation

coefficient of, the PAP. 11'.1ith other variables--not even the

jdeg~ree of aDpoIra nt iorality.

Gon~ide nwte eiiistence. of ~stabil-'ty in kinds of accl-

d en ts S!:!The -first investigatic.0 was *In 1926 by Newbold, who

found samrle corte~latichb creffj'cients of .6and .j2, With



estimated tnrobable errors of .06 and .0,between accidents

due to flying rartftcles and ouiier accidents, amocng `4 wo-

men in two periods of cbserv&itit-n. Between factory And home

accidents, 8eparatelyv comnuted for two grouns of abcut 300

en ach and two &Toitps Df about 150 women -toch, t'he samnle

correlation c~oefficients it.stratdProha`bloý errors were.

20±.049 o21 .0-; .26 + .0", and .-'l t 0-. The driver

accidents investigated~by Farmer and Chambers in 1%9) were

rClassified into'errors of ludgment,' over-runs,' skids, blame-

less, and milscellaneous. The pairwise corr~lations of these -

various typ~es of accidents ran- fronm .0, to ._)9.i1 'I i Ls inr

~teresting to note that ti-&e..smaller correlation coefficients

correspond to'-the kindsu w It b: the..lowest rates. Agi -the.

question arises aa tc, the si1ignifioance of thoscýresuits*

Qualitatively they indicate s~pe. connectio btween the two

typ4,s of1 acc1dents, but how gooti are the esti;mates of prob7

able erriboý w.vhat is'the highest. correl~attion,/p s si -le, what

is'te xecedcrrltLogoenea_ is theire not

s~obetter _way o4 dclfneating' or testing -the connection be-

ten two type s of accidents than the correlation .coeff'ici~nt?1

-Farmer and Chambers used two other methods to check the

st~abilit34 in kindt_=a- fourfold table and a regression.. The

f!urf old table was madeý up by dividing the whole group into

tl~o broad subgroups according aý their n,'iber of accidents

of a parti-culag kind was above or below the group average for

that .kind of aeccident; then was computed for this distri-

buin vs. a uniform distribution in the four cells. This



g-ave signif-icant association in five out' of twentyý cases;

but this test tends toward false significance since even

if there is no association the table wculd not be expected

to show a uniform di'stribution because of the skew and dis-

crete character of the accident-dist-ribution. The regression

approach was similar to their regressicn, attack on time-

stability. The average rate of skids was; calculated for

the subgroup of di~ivers who had no-er,'ors of judgment,-fo'r

'the subgroup whQ haO. one error of judgment, for those who

-had two, e tc This. -series was repeated for each two kinds

!of accidents. A tynical result i S given in Table 2,v showing

s'ome r'ossibly. U-sha~ped regressi-on. But~what is to be ex-

~'rected? An analysias of'regres~sion based. on" pan appropriate '

0oint accident distributit.n w ould be he pf ul. in judg~ing the

Table 2

No.. of MJvisc. INo. of. Avera;ý number of_____
Acoideny; -'~rvr~~r olver-run skids" blameless'

0.20.94 0.94, _'O
1 0 0.49. 0. 5*'. 2..82o

2 ~ 3 05~ 0.69 0..28

3 Ii24. 1 8 0.88 0.46 3.381ý

4 27Y 1.52 1.41 ".0.56 4#85

.12 1.42 0.92 0.92

si'inificance of this sample regression, axnd hence the existence

of' kind-s~tabilit%-y. In 1948 a study of 59 trolley car motor-

men azA 34 motor coach op'erators by _Er own and Ghi~elli, with



accidents divided into five kinds, resulted in correlation

coefficients from .22 down to .02, with one coefficient a

negative .lL1 The authors' conclusicns were that this data

did not support stability in k:'nd. However, we really do

not know what constitutes a significantly nositive coeffi-

cient in this situation, and the consistently otrsitive re-

sult is honeful. For example, sinoe the average rate and

variance ofIthe observed distributitn are apnr6ximately .43

-and .45 _sQectiveýly -for collisions vith trolley cars and

for boarding ia cidents as wjil" t.. formula. (13).ray be "

used to find:4A approximAt-li~n tQ the eYxected correla1 ,tion

coefficient:

2
(X .02.'.. ':'I "• i-•

th , sam II ncof'ii

wh*/ch J. s. irrecise .y 1he esame correlation. coefficient th t..,

was Qbserved. Desrite the very,.low va'jUe then, the data do

:.not•.rel]y deny., stability in kind. 'But is this just a ioin- ..

cidence? 14,hat about,'nther low value's? To co mpare. two kind's ..I

-of accidents with differe.t average rates, say.withpth,. •-

cond.rate equal to c times. the first rate, it..Is oossible " I .

to Vse a forrula develomed _by :*;wbo1d (1,27), for, the corre-

latic.n betwe4n the obseived;.,numrbsr :of accidents itý two ceriods

of -different '..length. It is- p4ssib1e,, that is, rro{•ided k
h I. . \, ,

""i 2 rughy2 O '

is roughly satisfied, Xi2 being the variance of the

distribution of the ith kind of accidenpt and iX being . -.

28 ---
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the average rate for the kind of accident. In~ such

case

Px- xl

11xl

iOonsidering then the data for collision~s with mnotur,""Vehicles

as second kind to be correlated with -Leither -of tbe ab'ovp-

mentioned kinds1 ,X =12.22 whence c =ý.28.4. Tjhen2

(20) Ix. 2 -=.16 p*

II IF

;as .camparerd ~to the obsel ved value S rx~x 01 and .-22.' It

is 'obviously s t 111 necessary to 1ýnow, 5omfething 'of the sampling

~Variabilit- -of r, even though =.l6'rem'ovbsý the stigma-

from r 22.I
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Sh(;TlON5

Tests for Accident Proneness

To th~is roint accident rnroner~ess has been considered

only throiigh its mninifestation in'the occurrence of'ac-
it.

dents. 'In .1926 .Farmer and Chambae.sjgave a series of tcas t s

to a total of 651 reorle in~an attem~npt to find some tstS

which would be useful in identimfying thb-se persons 'with

relatively high accident' rates--i.e., tie. accident-tnrone.

Included were aL reaction time test, a dotting aiccuracy

test, a itursuit meter. test, an ocular muscle balance test,

6Lnd others; ,,a pr.iori ,'ýconsiderai ons sýupp'ort6d byS.

caf~t inter-,correlati ns; led to a grouping into/Ie-stheto_..

kinetiýc" cdordinationn 'tests, tbmperameiqtal instability tests,

and reasoning tests.

-.- First a segregatio n of tests int - os e with discrimina-

tory power and 'thos6 withc~tt di~qcriminat6ry -power as regards

ac cident -D'ohene ss, wA,,s atte mn'ted by divid'.ig the subjects

into two s ubgois ac rding'ias they were above or below

the r~ean test.score anid then computing the- n~ean PAR (per-

centage accid~?nt rate, defined as thae 1quotient: .the~ observed

number of accidents f~r a Derson over the average fate of

the. groupi) fior each subgrour. The d~fference of these two

means fcr a given test was then checked tor sigz-4ticarce
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,aganst its probable error, apparently calculated on the

4.ssumptiorl of -a normal distributica Of the PrOls with

equal variances.

Having selected the tests which were signIf'icant by

this criterion, the next Droblem was to find a discrimi~nant

function of the scores in the significant tescts-ý-a single

statititic whereby to rank the -subjects in accident prone-

nes. To mthos wre ugested, althoughý there is not

the theoretical justification f or .then. -.in this case that

oude alalif there were only 'a finite i.ui,.bar of

-categoties, sa'y, the accident-onrone,. ',the non-pr'ones, and. the

me d uri Uý.nrOne, 'and, if it coilld be determined in some pre§-

liminai'y sa6n,4ie to- which 'of tCh6-- ca~tegories each of the

~\bjects belonged. lPerhaps- a'correspond, ng;-developmerit

for this, contipuous category case can be- wqrked'out. At

any r6.te, one of the methods suggested was ",'a'weig1~ng~i of

the' indiyidual..standardized' te~st scores bY1tedfrne

in mean PAI c 4mput ed as in the previ-ous .pallagra~ph. ,The

other. Tr'ýlhod suig~~sted was a;w eigl~n fteidvda
11W InIfte i~vd~.

standardized test scores by iersoncoefficients of num-

ber o,'f- accidents on test score. To evaluate this' procedure, ;

the retii-cally would re.quire an analysis of ,regrqssic~n f~ri

joiht, distlribution of a ncj-ra'l variate and 'a, A screte v ri te,

pe-v).ar.s'`with a negditive binorlial m~arginial ]~ itc.

-To evaluate the weightng 'rrocedures exn e r i,-e n tal.1

Farmer and Char-bers divided the grouD of .u'bjects into four

subgrOUps by the quartiles' of' the weig ht'bd test scoref, and

a2j



V oundz th~e m~ean PM1 for each of the subgroups to be 62o

89, 11 2, arid 13'9 '-ercent. Thi s was a di sparity and trend

sufficient to satisfy the authors that the veighted test

score could suaccessfully be used as.a. discriminant t'unc-

ti'on. However it is not known what the rroba-bilities of

error are if the weighted test score is used; Farmer and

Chambers themselves desired more data before drawing further

conclusicons. In 1929 the samre analysis was reported for:

thre y~a saosr-vation of 1042 oylAir rcape-

tices nd37Royal Dockyard'apprentices. I't is h#~ clear '

if-PA-R instead of number of accidents was used in this

6 Ludy- althouigh it seems probable. An crncouraging £f.ct in,

this study is that the-weightings (regression coeff~cients).

were fomind to be fairly constant from group to group:. This

II. woud a5per t~ idicate that the tests are s~~ niaLr

of accident prlnenessýfoeer h ereso s fnme

j - of 'accide'nts ozi ~test- scowever,~h then of ac isdn pofnumenes

on test oscoeie For Iiilis reason one --".i:ht exi"ect the, regres-

sion coeffiiets W It\ it dif f erent anvircninents; i.e.,

with 4if~fer*:ýnt aex~ 'accident rates. $:ras abte

measuJZte would, be r~epre!sion coeffic eltso PAR on test Wcore

since, ti-s mea.sure:'r;ent tends' to elivrnitrate "enVironmental effect..

In. any ev'ent, a thooretical study is 'needed of the meanipg

n .A rn-l it n ofý th~e rgresio coeP.-f' i~n-a and ao~e~a

ticen coef~ficients in such situaticns. In 19.)3 and ganin

193 Farmoex arid Chambers recognized this need, noting the

lack of' nor!-ality and thle necessity~ of linearity of regression
to make these mlethods useful.
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SLT CON 6

Discrilmlnant Action

The discrimninant problem connecte"-d with ',accident,

proneness is tc separate those Persons' with a. s:'-all A
from those with a large A on the basis of s~veral ob-

--- servations, such.'!as -the number of accidents in each of

several periods or the spQres on -seveiral 15~ta Su ch

separati.cn will~ibe made on ~debasis iof a riuaep andi~it

is ordinarilIy desireda to ob ar ancpiu r ý1`e-.

Desnoite the detailed 1gr~ssiont orlto,,n

%2analyses of the Drinciples 'Underlyihg accident distria-

bu~ions, not much has resulted~ to d~ate in d&kpendable,,rules

'for discriminan-t action. The earliest.attem jt -in thisJ

direction was a suggest-ion by Greenwood arid m,'joods (1919)

to elimina.te those whose number of accidents exceeds twice.-

the average rate.. No analysis of thý consequences of such.

T ule? was given. The probability of7 beingeliminated by

- -such arule is. easi.ly obtainable f rom the Poision distri-

'bution, however, and is given in Table 3,. f or any parti-

'.cular individual. -



Table-3

ProbabilitY of'- fneurxing P.ore Accidients

Than Tw~ice the Average R~ate

5 li0 1.5 2.0 2.5 ).0 .~5 4.0 5.0

Average
rate

0-.49 c) .6.32 .7V77 .865 c918 .950 .97042

0-.99' .0910 .264.4 ~4*j ~l.4 .908 .5

ji 00. -1. 4.9I .014 .e0 .191--.-23 .45 bpg 76'9 .62

.50ý-1.99 j.102 .019 .066 .14-) .242* tDi .4 7 7.7ý

2.00-2.4911000 .004 ..019 ".053~ .l09 18? .21ý5 1.y71 .560

Another way to .iudke.:the effectivenes s .of thi s -olan is to '/

examine the rim oabfility 6'elirninatiqg the averge. nerson --

(one whose A equals the. group av~erage rate) and the- rfrob-

abjýlity of. e limninati n~g a ners on whose jk is ~S11 e nultin1es,

'vsay four time~s the average rate. Figure 2 exhibits these

two , 'ýgraphs. An important aspect of bcth 2a bl1e 3 and. Figure

-2 .is the de'rendence oPf th~e effectiveness on the average

raccident rat' of the groun. It is nartic~ilarly ik-nportant

7to note that f or- sr~a~lavorage rates t P;3 ru~le does- not dis1-

tingqish ,at all between. the-"average person"l and tenerson

whose rate is four time:5 the aver-age.

I t h~as al1r eadybv e !Yý described1 how Farmn'e an-Th1Tq

pro~ooed to el~iminate one-fourth of'!the .subjects.;-those be-

low t~he third qauartile in the w~i,-hted test scores. In 19.)9
they dcrnons~tr~ited ti-'.e effect ofvrosrmoval rules u-pon
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the average Accideritrate of the group studied . re-

moving that 28 Dercent of the drivers who had. three or

more accidents the-first year., the average rate in ttie

succeeding f'our years would have been reduced to 93 Percent

of its actual value. By using both- orite-ria. 44. nercent

wculd have been removed and the average rate reduced to

87.percent, This is a high cost fthr a small reduction,

and would not W~ prae~tcal.

-Herdan (L194) sugse teue of 6woi-factor factor

analysis, to eltimaate Aof a person by a linear, com~bination

of his' PAR-for various kinds of accidents, the coafficients
if

to b.. -Cbtained by correlatiol-s ii4 "ire u.,ual manner of f a~ilor

analysis--see .part 2of t h is r e rrt

It would seem that the possibil, tis of obtain.ng an

opti~jum rule have not been exploredl in such dir ection

therej is" a need of f'uTther investigation.

ftqn tredinthe. work to date should ,e nocted adds
/,,ne trn nh d- i

cussed in. this, connection. the coiitenti~dn that sifnc e only,

Co~rrelations l2ess than unity can occur between a rate A-and

number X of ".46aidents incurred, there i s no Point in at-.

.terapting a di~scriminc~ticln. This arose from Newbold's (-i9ý27),

formula.

(21) fxA X 2

where, m E(X) = EOA). Rfiote parentheticdIly fr om (12)

-that 2=Px lxýl A clear expopsiticon of thi;ý-viewTno-nt
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is given by Yinta and Blum (1949). Their approach is to

exam~ne that r-ro7nortion of 2which is due to the re-

gression on A in an analysis of variance; however this is

jnst Pxj,2  The conclusion, is that the regression will not

account, for as rmuch as 50 Dercent of the. variance in many

c ase s That Is Just another way of saying that~oven if we

knew the Aof each pers9on preciselyp we would still be un-

.able to forecast the- number of accidents Trect ly.A

'oret conclusion,. but what -is the con 6,querc-onteds

criminaat prbe?_euab~ythe, discrimi inantijrbbi a

As 'its motive the reduto the -total rPumber of accidents"

In a pe-riod by. the locatioh ~nd subser~nent eilnt~n
tranfer ýh/ortreatment,, r8e W4einetman (1949)] oV thEdI

high-A persons. The preqerjt queskt~cný,is: even if a n e It-

fect 'test for aocident n~es is achieved, w41l th- !ii

nation of such ersons r~odqe ýhe .tot~l -number -Oof accidents

C~nifi~antly? -1e qnw~ that£X ~ s hti\-

the la'rge A Is are' elimhinatI rd then the mean -A wll be" r e,-

duped and hence the medin number of accidents. H-ow efficiently

this can be done derlen!A~ on the di_-tribntitýn of A and is

therefore a subjic for, further ihcuiry.



BTIBLI.0LRAPiHY

BLUM, M.L., (See :initz, A.)

BRAI:VAAN. E. E. (See Slocombe, C. S.)

BROWN, C. W., and Ghiselli, E. E., 1947. Factors related
k to the proficiency of motor coach operators. J.

Aprl Psych., 31, 47"1-479.

1948. Accident proneness among street car r-otormen

and,•motor coach operators. J. Aprn. Psych., 32,

20-23.

S CiAMBERS, E. G., and Yule, G. U.,, :'94-1 Theort and obser-

vaticý i~n the investigaticn of accident causation.

,U, . '. . S. p TP 89-109.
/1-. ... /-

-," (See Farme-, E.)

COBB, P. W., 1.940. The limit of usefulness of accident rate-

"as a measure of accident prcnehess. J. Art1'. Psych.,,

24P ~4259

FARMERv, E., and Chamhers, E. iG.,. 1926. A psychc.!ogical

'study of individual differences in a'ccident ratesý-
I .FRB3. '.p

1929. A study of the personal qualities in accident

rproneness and proficiencyv T.H R .I

II 1939. Study of Accident' proneness amcng ,o' or"'d.- ivbrs,

I.U-. .,B., 84.

and Kirk, F. J., i9).•. ,esto for accident ,.-roneness.

I68.



"GHIS.ELLI, E. E. (See Brown, C. *1.)

GREENWOOD, M., and Woods, H. M., 1919. The incidence of

industrial accidents. IF.RBo, 4.

and Yule, G. U., 1920. An inqu.iry into the nature of

frequency distributions representative of multiple

happenings. J.R.S.S., 83, 255.

RBRDAN; G.. 19'-. The logical and a'alytical relationship .

• between the theory of vaccident.a fattna_ a. .ysls. . .

....J.R.S.S., 106, 125-142. ,..

"T -.ý R.., 1942.. The personal factor in accidenxts. IH..R.B.,

Emergency Report No. 3.

KIRK, F. -° (See Farmer, E.)

MINTZ, A. and Blum, M.L., 14. A r,-examinatitn of ,,the

accident proneness concept. J. Apri1i Psych., •, -

IUSCIO, B. (See Osborne, E.E.)""

NEUWBOLD, E. -t., 1926. A contrib-ation to the study of., the '

" human factor in the'-causa'ion of,, ac',!.dents. I ,

34. ,

1927. Practical applications of the" statistics of re-

peated events. JR.S.S., 90, 487-547.

OSBORNE, E. E., Vernon, HQ M., and NuScio, B., 1922. Two : U
.con.tributi6ns .to the study of accident causaticn.

I.F.R.-B., 19. <it

SLOCOZ.BE, C.C S. and hfrakeman, E. E., 1930. 7sycholo4icaj

4tests and accident proneness. J. A ych., 26, 29-3. . 'I

42



U. S. BUREAU OF PUBItIC ROADS, 1938. Motor vehicle traf~fic

'conditions in the United States: The accident-Drone

driver. House Document No. 462, Part 6, 75th Congress,.

Third Session.

VERNONP H. M. (See Osbor~ne, E. E.)

WEINERMAN, E~. R., 1949. -Accident-pronieness: a critique.

Ame r. J, Publ. H.,4, 39, l527-15p.ýO

WOOD, H 14.§Se Greenwoo d, M.)

YULE, G. U. , '1.924. Thle f'uncti_-n c f statistibal mxethod id

sýcien'tific invesLI ation. I P.R.B.. 28..*j
\X,

(See Chamberg, E. G.; Greenwood, M~.)



11- ý -

IARep'oucedi

-W RI GHT.PATTERSOIN AIR~ FORCE U Azl ' :0 AH Y

ý'II

7 1 i

I- I

"NOTICE:II When C v'O.ivornment or Utwiu dUn.in-; Or
other data are used for aniy illY~- othe thn I
a definitely related Governmewnt p rm( Ic 'in mcft UI)e'rajOii c
.Govermnment thereby ~incu~rs nu re~p(Thj.:ibi~jity, Ii()r au~ (1,' wi. U,
whatsoever; oand' the fact that the (>wVU,11111it. ull-y 1lil'L n Wfurnished, Or in anyv way SUvv~ied 0112 _;.4 4i 1~~;~lw
6r' other data is; not to be rega rded Uy impl ication oý ý r~¼I.~-in anifYammonr licensing th- houicjr or any ntl~~ )Cir44
tioin or conveyinig any righlts or pc rmn,;,)oij to mnua K
-sell any patente:ýd invention thlat may ini any waty be rl~-NI

~ rUJ 1"WIN



AT# 9 382UNCLASSIFIED 
t 1,3,

AT! 99 382 •'3 3 (COPIES OBTAINABLE FROM CADO)

UNIVERSITY OF CALIFORNIA, STATISTICAL LAB., BERKELEY

DISCRIMINATORY ANALYSIS - III - DISCRIMINATORY OF
ACCIDENT PRONE INDIVIDUALS

HARRY M. HUGHES OCT'50 43PP TABLESGRAPHS

USAF SCHOOL OF AVIATION MEDICINE RANDOLPH AIR FORCE
BASE, TEX., USAF CONTR. NO. AF41(128)-8 (REPORT NO. 3)

AVIATION MED.CINE (19 METR IC
GENERAL (0) STATISTICAL ANALYSIS

UNCLASSIFIED

.F AU-1801 471I01 l iii 1111111111111l11111111 llt lil


